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Abstract 
This work presents an energy assessment of the natural ventilation performance within buildings located on both hot-temperate 
and mild-temperate conditions such as the existing along the central region of Mexico. With the assistance of a coupled thermal-
airflow simulation program, simulations are run without and with natural ventilation, respectively. Thereby, the consumption of 
air-conditioning presented in this region is validated with data from literature when natural ventilation is not applied. Results show 
that when natural ventilation is used thermal comfort is achieved more than 90% of the assessed time. Therefore, the cooling 
demand supplied by air-conditioning could be virtually avoided, especially when the building has high thermal capacity, feature 
presented on a great part of the building stock. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction
In order to reduce the greenhouse gases emissions, the recent world-energy trends show an enhancement of use of
clean-energy technologies such as wind and solar photovoltaic [1]. Furthermore, the efficiency of the final-energy 
consumption is an approach that also helps to counter the climate change. Regarding this subject, the building sector 
is fundamental because it accounts for a 40% of the world-energy consumption. Thereby, one of the most consuming 
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Nomenclature 
ǻT Difference between indoor temperature and temperature set-point (K) 
COP Coefficient of performance of air-conditioning (dimensionless) 
cp Specific heat of air (1.012 J/g.K) 
E Electric cooling rate of air-conditioning (W) 
DAC Electric cooling demand of air-conditioning (Wh) 
m Mass of indoor air (kg) 
Q Cooling rate of air-conditioning (J/s)  
activities within buildings is the one regarding cooling, especially on warm regions, where several times it accounts 
for more than the half of the total-energy consumption of the building [1].  
    In this context, natural ventilation is a technology that helps to achieve a certain thermal comfort with no or minimal 
energy consumption. Under the right conditions, natural ventilation can partially or even totally reduce the use of 
active cooling systems such as air-conditioning and fans.  
    Being Mexico a warm country, the consumption of air-conditioning on the residential sector is high (over 8 TWh 
in 2011) [2], presenting a yearly increasing due to factors such as the purchasing power of the population and the 
increasing of number of households [2].  
    In previous works, the use of air-conditioning on the Mexican residential sector as well as the potential of energy 
saving by using natural ventilation has been analyzed [3]. In these cases, however, only extreme-warm conditions 
(both dry and humid) were assessed [3]. Neither hot-temperate nor mild-temperate conditions were taken into account. 
For this work, the use of natural ventilation as means of reaching thermal comfort and saving energy on the central 
region of Mexico, which presents these two climate conditions on almost all its territory, is carried out. 
1.1. Air-conditioning in the central region of Mexico 
    The Mexican central region is understood as the states of Queretaro, Hidalgo, Tlaxcala, Morelos, State of Mexico, 
Puebla and the Federal District (unofficially known as Mexico City), see Fig. 1. 
Fig. 1. States that compose the central region of Mexico
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    Although extreme-warm conditions account for more than 70% of the total air-conditioned households along the 
country (mostly extreme-dry conditions at northern and extreme-humid conditions at southern), on both hot-temperate 
and mild-temperate conditions (presented mainly at the central region), in 2011, there were over 400 thousand air-
conditioned dwellings, having an all-together consumption of 730 GWh for the same year (Table 1). 
Table 1. Number of air-conditioned dwellings gathered by climatic region in 2011 [4] 
Climatic region No. of 
dwellings 
Share of 
total 
(%) 
Share of 
populatio
n (%) 
Air-
conditioned 
dwellings 
Electricity demand for 
air-conditioning 
(GWh) 
Share of 
total (%) 
Extreme-dry 6 167 165 23.1 21.9 2 363 932 4 247.8 51.9 
Dry 4 255 062 15.9 12.0 822 192 1 477.4 18.0 
Temperate 12 797 300 47.9 53.7 406 151 729.8 8.9 
Extreme-humid 3 513 067 13.1 12.4 964 239 1 732.7 21.2 
Total 26 732 594 100.0 100.0 4 556 514 8 187.7 100.0 
The seven central states comprise 61.8%, i.e. 250 thousand dwellings, of the total air-conditioned households that 
are located at temperate conditions, hot and mild. They accounted for an electricity consumption of 452 GWh in 2011. 
1.2. Characteristics of climate and construction in the Mexican central region 
    As previously mentioned, hot and mild temperate conditions are taken account of. A typical meteorological year 
(TMY) of temperatures of these conditions is shown in Table 2.  
Table 2. Average monthly maximum and minimum temperatures [ஈC] for hot and mild temperate conditions [5] 
Temperate Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mild Max 28.1 26.2 29.7 30.6 30.6 28.7 27.7 27.2 26.7 27.4 25.4 23.2 
Min 1.3 2.8 4.5 5.0 4.0 4.2 3.6 3.9 3.0 2.9 2.5 1.6
Hot Max 30.0 32.0 35.0 36.0 35.0 32.0 31.0 31.0 34.0 30.0 30.0 30.0 
Min -1.5 -4.0 -1.0 1.5 3.0 6.0 7.0 7.0 5.0 1.5 -1.0 -3.0 
In energy performance of buildings, materials of construction are very important because they act as a thermal store 
which influences on the indoor air temperature [6] by buffering internal and external heat gains over the diurnal cycle. 
Thus, it is important to know the thermal characteristics of the building materials of the building stock of central 
Mexico.  
The methodology used to assess the materials of construction is shown in more detail in [3], where it is calculated 
that 83% of the dwellings have a combination of roof and walls of concrete and brick, respectively, (considered as 
high thermal capacity), whereas the other 17% has a combination of materials with lesser thermal capacity such as 
clay tile, corrugating roofing and wood [3].  
Regarding the size of the air-conditioned dwellings, the results are gathered according to four categories (see Table 
4). 
Table 3. Distribution of the central Mexico air-conditioned dwellings according to their built area [4] 
Built area (m2) 45 46-100 >100 Unknown Total 
Air-conditioned dwellings 33 408 180 616 162 773 29 354 406 151 
Share of total (%) 8.2 44.5 40.1 7.2 100.0 
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2. Methodology
2.1. Assessment of the energy saving potential 
The cooling rate of air-conditioning in terms of temperature differences is hourly estimated (3600 seconds) as 
follows: 
sec3600
pcmTQ ⋅⋅Δ=  (1) 
    Where the temperature difference is between the actual indoor temperature and a temperature set-point. This 
maximum indoor air temperature set-point is given by the European guideline EN 15251:2007 category III for 
residential buildings during the cooling season, i.e. 27°C [7]. This standard was chosen because it is a constant value 
which gives a realistic comfort criterion for indoor conditions and is applicable to both hot and mild temperate 
conditions during all the year, albeit occupant preferences and economics may also have an impact on what the actual 
set-point is in individual air-conditioned dwellings. 
    It is important to mention that only is taken into account the temperature difference when this one is positive, i.e. 
when the indoor temperature is higher than the temperature set-point. Furthermore, the mass of the air m is calculated 
taking account of a constant density of the air, i.e. 1.2 kg/m3, and a volume of the dwelling considering the built area 
and a ceiling high of 2.5 m, according to the Mexican housing law [4].  
 Thereby, the electric cooling demand is calculated with an average simplified coefficient of performance (COP), 
i.e. the ratio of the cooling rate to the electrical energy rate, of the air-conditioning system [6]:
E
Q
COP =  (2) 
    Therefore DAC (an electric cooling demand if it is an aggregate E during a certain period of time) can be estimated 
as: 
COP
Q
D
n
i
AC
¦
=
=
1  (3) 
    Where n is the number of hours when Q is positive (when air-conditioning is necessary). In this case a period of 
time of one year is carried out.  
    An energy saving potential for using natural ventilation is therefore estimated when natural ventilation is applied 
and this lowers the indoor temperature. Then, with a lesser difference of temperature (or even zero), a new Q and thus 
a lesser DAC is calculated finding a saving of the electric cooling demand.  
2.2. Setting-up of case studies 
Twelve case studies are set up according to the size of built area (small, i.e. İ 45 m2, medium, i.e.  46-100 m2, and 
large, i.e. >100 m2), climate conditions (mild and hot temperate) and thermal capacity (high, i.e. concrete-brick, low, 
i.e. wood, clay tile and corrugated roofing).
3. Results
By running simulations of the case studies with the coupled thermal-airflow simulation program EnergyPlus [8]
and with the simulation modelling as previous works [3], Fig. 2 and 3 can be displayed. Due to the lack of space, only 
the case study of a medium size dwelling located on mild temperate conditions is displayed, for high thermal capacity 
(Fig. 2) and low thermal capacity (Fig. 3). 
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Fig. 2. Yearly indoor temperature without and with natural ventilation for high thermal capacity buildings in mild-temperate conditions 
Fig. 3. Yearly indoor temperature without and with natural ventilation for low thermal capacity buildings in mild-temperate conditions 
    In Fig. 2 and 3 it can be seen that natural ventilation is very effective to lower the indoor temperature. It is also seen 
that buildings with high thermal capacity are more capable of maintaining a range of comfort indoor temperature, i.e. 
18-27°C [7].
3.1. Validation of the results 
With Eq. 1 to 3 the electric cooling demand is calculated without and with natural ventilation, respectively, using 
a national averaged COP of 3.5 [4]. In the first case the actual indoor temperatures (orange lines in Fig. 2 and 3) are 
used. For the second case the indoor temperature with natural ventilation (blue lines in Fig. 2 and 3) is taken account 
of.  
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To calculate the national electric cooling demand on temperate conditions the twelve case studies are statistically 
distributed among the actual number of air-conditioned dwellings according to their size and thermal capacity [4]. 
With that, Table 4 can be constructed.    
Table 4. Dwellings and electric cooling demand without ventilation according to thermal capacity and size 
Size Small Medium Large 
Thermal 
capacity 
No. 
Dwellings 
DAc (GWh) No. 
Dwellings 
DAc (GWh) No. 
Dwellings 
DAc (GWh) 
High 35 734 35.9 158 102 257.9 143 270 320.1 
Low 7 319 6.3 32 382 45.1 29 344 56.0 
Sub-total 43 052 42.2 190 484 303.0 172 614 376.1 
Total 406 151 721.3 
   Table 4 shows that in total, the air-conditioning electric cooling demand on temperate conditions is 721.3 GWh. 
This is at the same order of magnitude than the presented in literature, i.e. 729.8 GWh (see Table 1) hence the results 
of the simulations are validated.  
3.2. Estimation of the energy saving potential 
Once the results of the simulations without natural ventilation are validated, the simulations of using natural 
ventilation are used to estimate the electric cooling demand of using this passive technique. Following the same 
procedure of calculation of the national electric cooling demand on temperate conditions, Table 5 can be built. 
Table 5. Dwellings and electric cooling demand with ventilation according to thermal capacity and size 
Size Small Medium Large 
Thermal 
capacity 
No. 
Dwellings 
DAc (GWh) No. 
Dwellings 
DAc (GWh) No. 
Dwellings 
DAc (GWh) 
High 35 734 1.3 158 102 9.0 143 270 11.2 
Low 7 319 0.2 32 382 1.5 29 344 1.9 
Sub-total 43 052 1.5 190 484 10.5 172 614 13.1 
Total 406 151 25.1 
   In Table 5 it is showing that there is a saving of 696.2 GWh, which represents more than 96% of the actual electric 
cooling demand.  
Conclusions 
    The use of natural ventilation on the central region of Mexico is presented as a very effective means to reach thermal 
comfort during the cooling season with the advantage that there is not an energy consumption. This region is 
characterized by its hot and mild temperature conditions, which are seen as proper climate conditions for the use of 
natural ventilation. Buildings with high thermal capacity are seen as correct for natural ventilation as well, because 
they present more number of hours within a thermal comfort range than low thermal capacity buildings.  
    Thereby, for this document, a 696 GWh energy saving is assessed, which represents 96.5% of the electric cooling 
demand for temperate conditions, on both hot and mild. Temperate conditions consume 8.9% of the national demand. 
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